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SECTION J - APPENDIX 

C r i t e r i a  and Procedure  f o r  t h e  Design 
o f  S tandard  PWD O u t l e t  S t r u c t u r e s  

I. CRITERIA 

A. For g e n e r a l  p r o p o r t i o n s  and p r o f i l e :  Refer t o  ASCE J o u r n a l  
o f  t h e  Hydrau l ics  D i v i s i o n ,  Vol. 8 4 ,  No. HY2, A p r i l  1958, 
P a r t  I ,  pages 1616-77 t o  91. D i s c u s s i o n  by J. R. Argue of 
paper ,  "The Hydrau l ic  Design o f  S t i l l i n g  B a s i n s ,  Small  Bas ins  
f o r  P i p e  o r  Open Channel O u t l e t  - No T a i l  Water Required" 
(Basin  V I )  . 

B. L i m i t a t i o n s  on u s e  o f  s t a n d a r d  p l a n s .  

1. P i p e  v e l o c i t i e s  ( p i p e  e x i t  o r  o u t l e t  s t r u c t u r e  e n t r a n c e )  - 
Maximum a l l o w a b l e  v e l o c i t y  i s  a s s o c i a t e d  w i t h  a n  equiv-  
a l e n t  head o f  t h r e e  c o n d u i t  d i a m e t e r s  a t  f u l l  p i p e  f low,  
excep t  f o r  c o n d u i t  d iamete r  18 i n .  and smaller. Although 
n o t  recommended, where t h i s  t y p e  o f  b a s i n  i s  t o  b e  used 
f o r  heads  i n  e x c e s s  o f  3d ,  a  l o n g e r  b a s i n  w i l l  b e  r e q u i r e d  
t o  c o n t a i n  t h e  j e t .  To s i m p l i f y  t h e  number o f  s t a n d a r d  
s t r u c t u r e s ,  t h e  l e n g t h  o f  n e x t  l a r g e r  s t r u c t u r e  i s  t o  b e  
checked f o r  jet t r a j e c t o r y .  Although a d d i t i o n a l  wid th  i s  
wasted,  r e f i n i n g  the  e n g i n e e r i n g  a n a l y s i s  i s  n o t  j u s t i f i e d  
on t h e  b a s i s  o f  economy, 

2 .  T a i l w a t e r  - adequa te  t a i l w a t e r  dep th  i s  r e q u i r e d  t o  a s s u r e  
d i s s i p a t i o n  of j e t  energy and d i f f u s i o n  of t h e  f l o w  t o  
d i s t r i b u t e  i t  a c r o s s  t h e  e x i t  s i l l .  

3 .  In  u p l i f t  from h i g h  groundwater c o n d i t i o n s ,  s p e c i a l  back- 
f i l l  o r  d e s i g n  m o d i f i c a t i o n  i s  r e q u i r e d .  

C. S t a n d a r d i z a t i o n  of s t r u c t u r e  s i z e :  The f o l l o w i n g  s t r u c t u r e  
s i zes  w i l l  cover  a wide range of c o n d u i t  s i z e s  and d i s c h a r g e  
c a p a c i t y  . 

1 / S i z e  Conduit  Dia .  In.- ~ e n ~ t h 1 . I  ~ i d t h l ~  Cutoff- 4 / 

1/ F u l l  p i p e  f low.  - 
2 / 3 1  The l e n g t h  and wid th  a r e  a f u n c t i o n  a f  a f i x e d  - - 

s i d e w a l l  f l a r e .  
4 /  Cutoff  i s  t o t a l  h e i g h t  o f  downstream t r a n s v e r s e  s i l l .  - 



D. Allowable Stresses 

1, Concrete 

f'c = 3000 psi 
fc = 1350 psi 

2. Reinforcing 

fs = 20,000 psi 
Shrinkage and temperature steel p = 0.0025 in each 

direct ion 

3.  Earth bearing pressures 

Passive 
= 2.0 
= 200 silty clay 

Rock riprap required downstream of the cutoff for a 
distance equal to 4 x conduit diameter. 

E. Loads 

1. Lateral soil pressure 

EFP = 65 pcf 
K, = 0.5 

2. Sliding resistance 

f = 0.33 masonry on clay 

11. DESIGN CONSIDERATIONS AND METHODS OF ANALYSIS 

The selection of the PWD basin in preference to other types of 
outlets is based primarily on economic consideration within the 
range of hydraulic and site limits. As an irrigation outlet 
this structure will be used under controlled outflow conditions. 
Its size selection is not necessarily based on the total avail- 
able head at full pipe capacity but more likely at a Q that is 
maintained fairly constant over a range of heads by means of 
gate control. If the maximum p~ssible discharge is to be passed 
through the structure, the structure should be sized for this 
discharge or added protection provided downstream of the 

' structure for the short duration maximum flow. 

Tailwater and downstream channel stability (erosion) must be pre- 
dictable. 



A. Structural elements 

1. Sidewalls and headwalls are designed as horizontal 
and vertical beams divided by an assumed 45O boundary 
line. 

2 .  Apron or slab is designed as a rigid U section. 

B. Stability 

1, Sliding - with the use of a downstream cutoff wall as 
listed in the "Standardized Structure Size" and with 
the use of rock riprap in the channel, no sliding 
problem is anticipated. 

2 *  Overturning - no anticipated problem. 

3. Uplift - special backfill material and drainage fac- 
ilities are required in site conditions with high 
water table. 





Table J-C1 

QUANTITY SURVEY FOR INLET STRUCTURE 

Conduit  
S t r u c t u r e  Inside 

Size Diameter 

I in. 

- - - -  

Type of Pipe IASTM-C~ASTM-C~~I AWWA C300 I Welded Steel 
Reinforcing I AWWA C301 1 6( CMP 

Steel Concrete Volume 



TABLE 

QUANTITY SURVEY FOR 

J-Dl 

GATE STEM PEDESTAL 

Concrete volume 0.10 cu yd 

Reinforcing steel 13.68 lb 

TABLE J-D2 

QUANTITY SURVEY FOR GATE LIFT PEDESTAL 

Structure Size Concrete Volume 
cu yd 

Reinforcing Steel- 
1 L 



TABLE J - E l  

QUANTITY SURVEY FOR R/C MONOLITHIC CONDUIT 
(Cu yd p e r  l i n e a l  f o o t )  

Conduit 
I n s i d e  
Diameter 

D - inches  

8 

12 

15  

18  

21 

24 

3 0 

36 

4 2 

Thickness - t - inches  

6 

0.090 

0.119 

0.142 

0.166 

0.191 

0.217 

0.272 

0.331 

0 . 3 9 4 ,  

8 

0.135 

0.173 

0.202 

0.232 

0.263 

0.295 

0.362 

0.436 

0.509 

12 

- 

0.304 

0.346 

0.388 

0.432 

0.476 

0.568 

0.664 

0.764 

15  

- 

- 

0.475 

0.527 

0.580 

0.634 

0.744 

0.859 

0.977 

1 8  

- 
- 

- 

0.685 

0.747 

0.810 

- 0.939 

. 1.072 

1.208 

21 

- 

- 

- 
- 

0.932 

1.004 

1.152 

1.303 

1.458 

24 

- 

- 
- 

- 

- 

1.217 

1.383 

1.553 

1.727 



TABLE J-E2 

QUANTITY SURVEY R/C MONOLITHIC CONDUIT ANTI-SEEP COLLARS 

I fV= Minimum projection of cutoff from conduit casing-ft . 1 

Note: Top figures are concrete volumes in cu yd; bottom figures are 
steel quantities in lb. Steel quantities are based on a maximum 
bar spacing on 12 in. center to center. 

Two burs 

Three bars 

11 Two bars. - 

2 /  Three bars. - 



TABLE J-E3 

QUANTITY SURVEY CONDUIT CRADLE TYPE A1 or A2 
FOR DAMS CLASS (a) OVER 50 FEET HIGH AND CLASS (b) and (c) 

Conduit 
Inside 
Diameter 

inch 

12 
15 
16 

(per foot conduit length) 

Type, of Conduit 
ASTM C-76 I I I 

1 AWWA C-301 ordinarily not available in diameter less than 42". - 

Reinforcing 
S tee1 
(Type ~1 

lb 

L L%@ IZ.MAYXSE S ~ R A I G H T  
$ 0  BUT NOT LESS THAN 6 

A1 C R A D L E  A 2  CRADLE 

ASTM C-361 
AWAC-302 

onl$(f;=6000 psi) ;fr=4500 psi) 
Concrete Volume 

cu yd I cu yd 1 cu yd 
1 I 

AWWA C-300 
AWWAC-302 1 AWWAC-301- 



TABLE J-E4 

QUANTITY SURVEY CONDUIT CRADLE TYPE A1 AND A2 
FOR DAMS LESS THAN 50 FEET HIGH 

(per foot conduit length) 

1/ AWWA C-301 not ordinarily available in diameters less than 42". - 

I L#4@12. MAY USE &R 

Conduit 
Inside 
Diameter 

$ D  BUT NOT LESS THAN 6 L-i~ BUT NOT LESS THAN 6 

A1.  C R A D L E  A 2  C R A D L E  

Concrete Volume 
inch Ib cu yd I cu yd 

Reinforcing 
S tee1 
(Type A 1  only) 

Type of Conduit 

AWWA C-301 
- 1/ 

ASTM C-76 
ASTM C-361 
AWWA C-302 

(f &=6OOO psi) 

AWWA C-300 
AWWA C-302 

(f ;=45OO psi) 



TABLE J-E5 

QUANTITY SURVEY CONDUIT CRADLE TYPE B1 BEDDING 
FOR CLASS (a) , (b) and ( c )  DAMS 

(per foot conduit length) 

Conduit 
Inside Reinforcing 
Diameter Steel 

inch I lb 

11 AWWA C-301 not ordinarily - 

Type of Conduit 
ASTM C-7 6 I I 
ASTM C-361 AWWA C-300 AWWA C-301 
AWWA C-302 AWWA C-302 11 - 
Ei=6000 psi) (fl=4500 psi) 

Concrete Volume 
,cu yd 1 cu y d  1 cu yd 

available in diameters less than 42". 

B1 BEDDING 



TABLE J-E6 

QUANTITY SURVEY ANTI-SEEP COLLARS TYPE A1 AND A2 CRADLES 
FOR DAMS CLASS (a) OVER 50 FEET HIGH AND CLASS (b) AND (c) 

Condui t  
I n s i d e  
Diameter 

inches 

Type of Condui t  
ASTM C-76 ] I 

SECTION B-B 

Teinf orc ing  
S t e e l  

l b  

*4@12 HORIZ 

*4@12  V E R T  

-4 9 I- 
SECTION A-A 

(SHOWING STEEL) 

ASTM C-361 
AWWA C-302 

(f :=6000 p s i )  

-BOTTOM 
OF CRADLE 

AWWA C-300 
AWWA C-302 

(£:=4500 p s i )  

AWWA C-30: 

Concrete Volume 

cu. yd cu yd cu yd 



TABLE J-E7 

QUANTITY SURVEY ANTI-SEEP COLLARS TYPE A 1  AND A2 CRADLES 
FOR DAMS CLASS (a) LESS THAN 50 FEET HIGH 

(pe r  c o l l a r )  

SECTION B-B 

Conduit 
I n s i d e  
Diameter 

inch 

12  
15  
L 6 

1 8  
2 0 
21 

2 4 
2 7 

3 @ 12 VERT.  

EICTTOM OF 
C R A D L E  

SECTION A-A 
(SHOWING STEEL) 

Reinforcing 
S t e e l  

l b  

54.45 
59.2 
60.5 

62.5 
63.7 
65.55 

67.55 
76.0 

Type of Conduit 

30 1.492 77.5 

AWWA C-301 
ASTM C-76 
ASTM C-361 
ASTMC-302 

(fh=6000 p s i )  

AWWA C-300 
AWWAC-302 

(f  ;=45OO p s i )  

1.523 

3 3 
36 
4 2 

cu yd 

1.055 
1.139 
1.151 

1.195 
1.242 
1.270 

1.333 
1.413 

1.471 

1.610 
1.692 
1.847 

2.038 
2.218 
2.390 

80.45 1.569 
81.95 1.655 
86.1 1.878 

-- 
1.627 
1.784 

1.952 
2.239 
2.325 

Concrete Volume 
cu - yd 

- - 
-- 
- - 

- - 
1.279 

-- 
- .  

1'. 356 
1.439 

48 
54 
6 0 

cu yd 

-- 
-- 

1.099 

1.148 
1.195 

-- 

1.321 
- - 

99.4 
110.0 
118.2 

2.008 
2.160 
2.343 



TABLE J-E8 

QUANTITY SURVEY ANTI-SEEP COLLARS TYPE R1 BEDDING 
FOR DAXS CLASS (a) OVER 50 FEET H I G H  AND CLASS (b)  AND (c) 

(per collar) 

Conduit 
I n s i d e  
D i a n e t e r  

Re inforc ing  
Steel  

Type of Condui t ,  - 
ASTM C-76 I 
ASTM C-361 AIWA C-300 AWWA C-301 
ASTM C-302 A W A  C-302 

( f i=6000  p s i )  ( f r=4500  p s i )  
--. 

Concre te  Volume ------- 
cu yd cu yd cu yd 



TABLE J-E9 

QUANTITY SURVEY ANTI-SEEP COLLARS TYPE B 1  BEDDING 
FOR DAMS CLASS (a) LESS THAN 50 FEET HIGH 

(per collar) 

Conduit 
Inside 
Diameter 

Reinforcing 
S t e e l  

ASTM C-76 --ylee O f  

ASTM C-302 A W A  C-302 
( f  &=6000 psi) (f&=4500 p s i )  

cu yd 



TABLE J-F1 

QUANTITY SURVEY PWD BASIN 

1/ AWWA C-301 o r d i n a r i l y  n o t  a v a i l a b l e  i n  d i a m e t e r s  less than 42". - 

S t r u c t u r e  
S i z e  

A 

B 

C 

D 

E 

F 

G 

H 

Condu i t  
I n s i d e  
Diameter 

i n c h  

8 

1 0  
1 2  
1 2  
1 5  
1 8  

18 
20 
2 1 
2 4 
2 7 

30 
3 3 
3 6 

3 6 
42  
4 8 

4 8  
5 4 
6 0 

6 0 
66  
72 

R e i n f o r c i n g  
S tee1 

l b  

5 4 

7 6 
7 6 

1 4 8  
1 4 8  
1 4 8  

274 
274 
274 
274 
2 74 

447 
447 
447 

742 
742 
742 

2364 
2364 
2364 

3373 
3373 
3373 I 

. Type o f  P i p e .  
Welded S t e e l  ASTM C-76 AWWA C-300 

-AWWA C-302 , AWWA ~ - 3 0 s l  & CMP 

cu v-d 

0 . 7 3  

1 . 0 1  
1 . 0 1  
1 . 9 6  
1 . 9 5  
1 .94  

3 .70  
3 . 6 8  
3.67 
3.66 
3 .64  

7.36 
7 .34  
7 . 3 1  

14 .86  
14 .82  
1 4 . 7 5  

25 .88  
25.80 
25.70 

40.99 
40.86 
40.72 

cu yd 

-- 
-- 
.99 

1 . 9 4  
1 . 9 3  
1 .92  

3.67 
-- 

3 .65  
3 .63  
3 . 6 1  

7 .32  
7.30 
7.26 

14 .78  
, 14 .72  

14 .62  
25 .72  
25.60 
25 .41  

40 .73  
40.56 
40.36 

C o n c r e t e  Voluqe 
c u  yd 

-- 
-- 
- - 
-- 
-- 

1 . 9 1  

3.67 
3 .65  
- - 

3 .63  
-- 

7 . 3 1  

7 .24  

14 .79  
1 4 . 7 0  
1 4 . 6 0  

25.69 
25.56 
25 .41  

40 .73  
40.56 . 40.36  



TABLE J-F2 
* 

QUANTITY SURVEY IMPACT BASIN 

Reinforcing 
Steel 

l b  

348 
11 

I 1  

II 

* Minimum wing w a l l  l eng th .  

** Prestressed (AWWA C301) pipe only. 

Type o f  Pipe 
Welded S t e e l  

& CMP 
ASTM C-76 
AWWA C-302 

Concrete Vol. 
cu yd cu yd 

7 

- 

- - 

- 

AWWA C-300 
AWWA C-301 



TABLE S-F2 ( c o n t i n u e d )  

i n .  l b  cu yd 

G 2  7 2944 23,72 
3  0  11 23.65 
3 3  11 23.57 
36 II 23.49 
4 2 II 23.29 
48 1 I 23.07 
5 4  I t  22.83 

X r u c t u r e  
Size 

cu yd I cu yd 

-- 

L 

R e i n f o r c i n g  
S t e e l  

Condu i t  
I n s i d e  

D i a m e t e r  

Type o f  P i p e  
ASTM C-76 
AWWA C-302 

C o n c r e t e  Vol. 

AWWA C-300 
AWWA C-301 

Welded S t e e l  
& CMP 


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



